Objective: We began minimally invasive mitral valve surgery in August, 1996, to reduce hospital costs, to improve patient recovery, cosmetic appearance, and to decrease trauma, yet maintain the same quality of surgery. To validate this approach we reviewed our entire experience through May 2002.
T o decrease trauma, reduce cost, and speed patient recovery, yet maintain the same quality of surgery, we began minimally invasive mitral valve surgery in 1996. 1 This approach has been performed in patients who have isolated mitral valve disease without concomitant coronary artery disease. We retrospectively reviewed our entire consecutive experience of minimally invasive mitral valve repairs to determine the long-term survival and reoperation for valve failure.
Patients and Methods

Patients
From August 1, 1996 , to May 1, 2002 , 413 patients underwent minimally invasive mitral valve surgery. Fifty-one patients (12%) had a mitral valve replacement and 362 (88%) had mitral valve repair. During the same period, a total of 526 patients underwent isolated mitral valve repair; thus the 362 minimally invasive patients represent 69% of mitral valve repair operations at our institution during that time. Four patients had a robotically assisted repair and are excluded, leaving 358 patients for review.
Patient demographics are shown in Table 1 . The mean age was 57 years, 60% were men, and the mean functional class was 2.2 Ϯ 2.6. The mean left ventricular ejection fraction was 59% Ϯ 11%, and pulmonary hypertension established by right heart catheterization or echocardiography was found in 124 (35%) of patients. Mitral valve pathophysiology was predominantly regurgitant in 350 (98%) and mixed stenotic and regurgitant in 8 patients (2%). Most patients had myxomatous degenerated, prolapsed valves, which accounted for approximately 90% of the valve diseases, although a small group had a variety of other conditions including rheumatic disease, endocarditis, ischemia, and congenital and dilated cardiomyopathy. Preoperative chronic atrial fibrillation was found in 102 (28%) of patients. Single vessel coronary disease was present in 5 patients. All patients were reviewed from January to May 2002 either by clinical examination or by telephone interview with the patient or the patient's local physician. Table 2 lists the surgical approaches that have evolved over the 6 years of this study. Our first approach, beginning in August 1996, was a right parasternal incision, which was performed in 168 patients. This approach was abandoned approximately 3 years ago for cosmetic reasons. A right thoracotomy has been performed in 9 patients. The incision currently used is a 6-to 8-cm lower ministernotomy, which was performed in 181 patients. The technique of choice for exposure of the mitral valve was the right atrial transseptal approach performed in 283 patients (78%) with the left atrial incision used in 79 patients. Over the past 12 months the left atrial approach has become the exposure of choice because of improved instruments to expose the valve through the left atrial incision.
Surgical Technique
Initially, some patients underwent peripheral cannulation to minimize cannulas in the chest to improve exposure, particularly in deep-chested individuals. Table 2 indicates the site of arterial cannulation for cardiopulmonary bypass, which includes 128 femoral artery cannulations and 230 in the ascending aorta. Percutaneous inferior vena cava (IVC) cannulation via the femoral vein was used in 224 patients. Of those, 16 patients underwent both percutaneous femoral vein and jugular vein cannulation for IVC and superior vena cava (SVC) cannulation, respectively, thus keeping both atrial cannulas out of the incision. Peripheral venous cannulation is transesophageal, using a guide wire. In addition, the use of miniaturized techniques for cardiopulmonary bypass has further improved exposure, particularly with peripheral venous cannulation using 16F to 24F cannulas with the aid of assisted venous suction. 2 The femoral artery has been cannulated by the Seldinger technique without incising the artery.
We have adopted our current technique of lower ministernotomy ( Figure 1 ), based on the work by Doty and coworkers, 3 who have used this incision for a variety of cardiac operations. Cardioplegia was used in all patients; 309 had antegrade and 49 patients had both antegrade and retrograde routes used. Intracardiac air was actively removed by cardiac filling and active aortic root suction. Air removal was monitored by transesophageal echocardiography in all patients. Table 3 outlines the mitral valve reparative techniques. The majority of patients had a posterior leaflet resection and sliding valvuloplasty with placement of an annuloplasty ring. A considerable number of patients underwent reduction of prolapse of the anterior leaflet of the mitral valve, including 94 patients who had anterior leaflet resection, chordal plasty, or commissuroplasty. The most frequently inserted ring annuloplasty device was the Cosgrove-Edwards ring (Edwards Lifesciences, Irvine, Calif) with a smaller number using a Carpentier-Edwards ring (Edwards Lifesciences). In 20 patients no ring was used because of no perceived annular dilatation, production of severe systolic anterior motion, or concern about recent acute endocarditis.
Intraoperative mitral regurgitation (MR) was estimated by transesophageal echocardiography in all patients at the time of the operation ( Figure 2) . Preoperatively, all patients had 3ϩ to 4ϩMR. Postoperatively, echocardiography showed the vast majority had 0 to 1ϩMR. Twenty-four patients had concomitant procedures including closure of atrial septal defects, tricuspid valve repairs, and a coronary artery bypass graft to the right coronary artery in one patient.
Results
Early and late results were tabulated by the Brigham Cardiac Valve Center database. Operative and perioperative Table 4 . There were no operative deaths (Ͻ30 days or same hospital admission) in 358 patients. During the same period in the minimally invasive mitral valve replacement series, there was 1 death in the 51 procedures, that of a 91-year-old woman. Newonset atrial fibrillation occurred in 69 patients or 26% of those patients who were admitted in sinus rhythm. Placement of a permanent pacemaker for conjunctional rhythm or complete heart block occurred in 6 patients (1.7%) and a myocardial infarction occurred in 2 patients (0.5%). Anticoagulation with warfarin sodium (Coumadin) was given only to patients with atrial fibrillation postoperatively, either chronic or new onset. At 6 weeks, if the patient was in normal sinus rhythm, anticoagulation was discontinued. There were no major anticoagulation hematologic complications. Peripheral vascular complications are listed in Table 4 . There were 3 patients with deep venous thromboses (0.82%), and 5 of 128 patients who had a femoral artery cannulation for bypass had a complication requiring an 
Long-term Follow-up
Duration of follow-up ranged from 0.6 to 69 months with a mean of 36 Ϯ 19 months. Five patients (1.4%) who live in foreign countries were lost to follow-up. The mean New York Heart Association functional class at follow-up was 1.2 Ϯ 0.5 in 98% of the 353 patients available for evaluation. Late complications are summarized in Table 5 . The survival curve shown in Figure 3 indicates a survival at 5 years of 95%. The causes of late death in 12 patients were cardiac in 6 and other causes, such as cancer and accident, in the remaining 6. Reoperation for structural valve failure occurred in 21 of the 358 patients (5.8%). The probability of freedom from reoperation is shown in Figure 4 and is 92% at 5 years. Twelve valve failures occurred in the first half of the series and 9 in the second half. On review of our results we found that valve repair failures fell into 4 categories. Six of 21 occurred due to failure of anterior leaflet repair. Anterior leaflet repair was done in 94 patients, so that 7% of those who had operations on the anterior leaflet either alone or because of bileaflet prolapse had a failed repair 1 to 18 months postoperatively. In a second group of 4 patients an annuloplasty ring was removed after the repair because of intractable systolic anterior motion of the mitral valve, usually due to placement of a small annuloplasty ring. Subsequently, these patients had a competent valve at the time of postbypass echocardiogram, but later, because of annular distortion, became incompetent once again. Since this experience, we tended to upsize the ring and continued to be very vigilant on the precise reduction of the height of the posterior leaflet. The mean ring size for myxomatous disease is 34 mm. Two of the 4 were re-repaired 4 to 30 months postoperatively by simply placing a larger ring. The third category of valve failure was new chordal rupture in 5 patients, 4 to 24 months postoperatively. One patient required rerepaired and the others required valve replacement. Finally, there was a mixed group of 6 patients in whom valve failure developed from 1 day to 42 months postoperatively because of very advanced valve disease. Two of these patients had endocarditis and the valve was quite distorted, while 4 patients had severe generalized Barlow syndrome involving all 6 areas of the valve. Three of these patients underwent rerepair, so that 7 of 21 valve failures were rerepaired at the second operation. There was no operative mortality at the mitral valve rerepair or replacement surgery.
Discussion
In 1996 several groups began to investigate the possibility of performing primary valve surgery through much smaller incisions than heretofore traditionally used, namely, the complete median sternotomy. Groups at Loma Linda, 4 , Paris, 5 and Cleveland 6 , and somewhat later that year our group at Brigham, 1 began to explore the use of parasternal and/or ministernotomy incisions for aortic and mitral valve replacement and repair. This stimulus came from the increasing use of minimally invasive surgical techniques for all branches of surgery, the last being cardiac surgery, which began with minimally invasive coronary bypass surgery in the 1990s. The small incisions, 6 to 8 cm, were cosmetically appealing to patients, but the major question was could the same quality of operation be done through these small incision and could there be additional benefits, other than cosmetic, which could be helpful to patient care? Our initial paper on this subject, presented in 1997, 1 investigated a concomitant group of 50 patients undergoing the same operation through a median sternotomy and compared them with our first 50 patients who had minimally invasive valve surgery, both aortic and mitral. We found that blood transfusion, hospital stay, and hospital costs were reduced, but most important, the patients recovered faster and returned to work more quickly. This study was 
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The Journal of Thoracic and Cardiovascular Surgery • Volume 126, Number 2 369 ACD duplicated 1 year later with 100 patients in each group with the same conclusions. 7 There have been relatively few reports on the medium-and long-term results after minimally invasive valve operations. 8 The data presented here in a 6-year longitudinal study show that the operative risk is very low, and the vascular, neurologic, and cardiac complications are also low. Of particular interest is the low incidence of homologous blood transfusion (24%), which has been duplicated in other series of minimally invasive valve operations. 9, 10 We believe the latter is due to the small incision and the considerably smaller surface area exposed by these incisions. Crossclamp and bypass times have fallen as a result of increasing volume. The onset of these times were perhaps 30% to 50% greater than full sternotomy, but are now no different than open incision time. In addition, these operations have stimulated the miniaturization of the cardiopulmonary bypass circuit with vacuum-assisted venous drainage, 2 which allows the use of very small cannula for venous drainage as well as smaller priming volumes for less hemodilution. As these patients do not have coronary artery disease, this is a low-risk population, but 79 patients (22%) were Ն70 years of age in this series, none of whom had an operative death.
The risk of failure of the valve repair, although not insignificant, is reasonable for the wide variety of valvular diseases, primarily advanced myxomatous degeneration including many patients with bileaflet prolapse and Barlow syndrome. Figure 2 shows the intraoperative transesopha- 
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Greelish et al geal echocardiography score, before and after repair. The data again demonstrate the importance of placing an annuloplasty ring for every mitral valve repair 11, 12 as approximately one fourth of the patients who underwent a reoperation had no ring placed at the initial operation even though the valve was competent at that time. The incidence of repair failure was 7% in those with anterior leaflet disease and again documents the fact that anterior leaflet prolapse is more difficult to treat, which is documented in every series of mitral valve repairs. 13, 14 No patient was left with more than 2ϩMR, but many of these did fall into the reoperation group due to the causes outlined in Table 5 .
Over the 6-year period operative techniques have changed. Currently, we use a lower ministernotomy and the standard left atrial approach. No patient had to convert to a full sternotomy. Other minimally invasive approaches used and reported on recently with success are the port-access technique, 15 endscopically guided techniques, 16 and the robotic assisted mitral valve repair surgery. 17 All these studies similarly show low mortality and good medium-term results.
The present study documents the safety of minimally invasive mitral valve repair surgery in 358 patients. The low incidence of homologous blood utilization and the requirement for post-hospital rehabilitation confirms data from previous studies. We also document that the reparability of the mitral valve is quite high and the probability of valve failure after the learning curve is overcome is reasonably low. We believe this safe and efficacious operation will do much to lower the threshold for the early referral of patients undergoing mitral valve surgery.
Limitations of the Study
The major limitation of this study is that it is a retrospective study. Although all of the cardiac surgery data are collected from the Brigham Cardiac Surgical database to update the progress of patients, particularly for valve repair, patients had to be retrospectively contacted. We had a low rate of patients lost to follow-up (1.5%). To truly gauge the effectiveness of the operation one would have to do a prospective randomized study, but we do not think this is feasible.
The second limitation is that we do not have consistent universal long-term echocardiographic data on every patient. We have data on approximately 75% of such patients and the results are quite good.
